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� lymphomas represent a heterogeneous group of 

lymphoid malignancies

� Several studies and research are carried out in 

order to understand the pathogenesis of 

lymphomas

IntroductionIntroduction
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� For this purpose, a wide range of molecular 

alterations had been identified within lymphomas

� Many of these are highlighted in the current WHO 

classification 

� Thus molecular characterization of each 

lymphoma remains crucial

IntroductionIntroduction

� Many alterations are not routinely evaluated in 

daily clinical practice

� they still have implications in :

� risk stratification, 

� treatment, 

� prognosis 

� or disease monitoring. 

� Moreover, some alterations can be used for 

targeted treatment. 

IntroductionIntroduction
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Indications Indications for for 

molecularmolecular testingtesting
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1. to assess clonality

2. to aim for a correct and accurate subtyping 

according to the WHO, 

3. Minimal residual disease evaluation

The main indications for molecular The main indications for molecular testingtesting

Other roles include:

� The detection of a minority clonal population, 

� The resolution of anomalous or ambiguous 

immunophenotypes.

� The distinction between Hodgkin and non-Hodgkin 

lymphoma (grey-zone lymphomas)

The main indications for molecular The main indications for molecular testingtesting
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Other roles include:

� To establish the clonal relationship of different 

lymphomas in the same patient

� To detect viruses in lymphomas.

� To provide molecular data for their prognostic value.

The main indications for molecular The main indications for molecular testingtesting

Molecular profiling for personalised medicine
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Methods Methods used in routine practiceused in routine practice

� Polymerase chain reaction(PCR) and real-time 

quantitative PCR (RT-PCR).

� Fluorescent In Situ Hybridization (FISH) 

� Karyotype

� Next Generation Sequencing (NGS) or Massive 

Parallel Sequencing (MPS)  

� Gene Expression Profiling (GEP)

� Circulating Tumour DNA (Liquid Biopsy) 

The The main main used methods in lymphoma used methods in lymphoma diagnosisdiagnosis
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• A gene analysis technique to amplify DNA 

targets/genes using DNA polymerase and primers that 

are complementary oligonucleotide sequence to the 

target region

• Used when the target gene is known

Polymerase chain reaction (PCR)

• 3 steps define a PCR 

thermal cycle

• Repetition of these cycles 

leads to millions of copies of 

the target sequence 

(1000bases/minute)

• After 30-40 cycles more 

than1x109 copies are made

Polymerase chain reaction (PCR)

Adapted from Dr Kim Linton
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Polymerase chain reaction (PCR)

The PCR product is visualized in the form of bands using agarose

gel electrophoresis or in the form of peaks using gene scanning 

�PCR is the method of choice to detect a single specific 

gene mutation in lymphomas. 

�The typical example is the search for B/T-cell clonality. 

Polymerase chain reaction (PCR)
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Wide clinical applications of PCR

• To confirm B/T clonality

• To detect translocation specific lymphoma cells

• Detect virus associated lymphoma e.g. EBV+ lymphoma 

of elderly

• To clone DNA for sequencing

• To detect molecular remission (MRD in FL/MCL/gastric 

MALT) or early relapse

Polymerase chain reaction (PCR)

� It is a very robust method for detecting well 

documented specific chromosomal abnormalities on 

non-dividing cells 

� FISH can bypass the need of cell culture 

� Used when the cytogenetic abnormality is known

� Allows direct visualisation of selected genetic targets

Fluorescent In Situ Hybridization (FISH)
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Fluorescent In Situ Hybridization (FISH)

Method for visualizing specific locations on a chromosome by 

fluorescent complementary probe

Clinical applications of FISH

• Detection of chromosomal translocations to confirm 

diagnosis of FL, MCL or gastric MALT

• Detection of MYC in DLBCL (prognostic)

• Evaluation of MRD on therapy completion (prognostic)

Fluorescent In Situ Hybridization (FISH)
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� Conventional karyotype still remains a very powerful 

tool because it offers a large view of the tumoural

genomic abnormalities

� This analysis allows the assessment of the degree of 

complexity of the genomic aberrations.

Karyotype 

Karyotype 

abnormalities include balanced (translocations or 

inversions) and unbalanced (trisomies, monosomies, 

duplications, and deletions) chromosomal changes. 

Adapted from Dr Kim Linton
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� In lymphoproliferative disorders, the karyotype is 

considered as simple if there are less than three 

chromosomal aberrations and complex if there are 

three or more chromosomal aberrations

� Conventional karyotype is also useful to decrypt 

genomic aberrations observed by FISH when this last 

method is used as first genetic test. 

Karyotype 

� Also named Massive Parallel Sequencing (MPS)

�NGS is the current methodology that allows 

performing a comprehensive study of a tumour genome 

in one single test

�Although the data given by NGS are very promising in 

terms of diagnosis, prognosis and theranostics. 

Next generation sequencing (NGS)
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Directly sequences mRNA/DNA without a hybridisation

step (no prior knowledge of gene/transcript necessary)

Next generation sequencing (NGS)

Applications

• NGS has led to major advances in understanding and 

diagnosing lymphoma

• Discovery of novel biologically relevant mutations,  

polymorphisms and transcripts including rare mutations 

• Quantitative gene expression data

Next generation sequencing (NGS)
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• DNA microarray technology can simultaneously 

determine expression levels for the whole (known) 

transcriptome

• Array is a solid support on to which a gene-specific DNA 

sequence is printed or chemically synthesised (a probe)

• If the sample contains the gene of interest, the target 

sequence hybridises to the complementary probe to allow 

detection and quantitation

• Each gene usually has multiple probes

Gene Expression Profiling (GEP)

�Monitoring of circulating tumour DNA by NGS or PCR 

for absolute quantification 

� A promise tools for response-adapted therapy and 

for MRD studies. 

Circulating Tumour DNA (Liquid Biopsy) 
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Genetic Alterations Genetic Alterations 

with with Diagnostic SignificanceDiagnostic Significance

WHO 2022WHO 2022

Algorithm for the diagnostic workup of aggressive B-cell lymphomas



22/11/2022

16

WHO 2022WHO 2022

WHO 2022WHO 2022
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� Genetic aberrations (e.g. chromosomal changes) 

play an important role in lymphomagenesis.

� They are important tools for the diagnosis of B cell 

lymphomas. 

Common Genetic Alterations with Diagnostic 

Significance

� Identification of aberrations involving the 

immunoglobulin (Ig) genes.

� The IgH gene is located on the chromosome 

14q32, which is an especially active genetic area of 

B lymphocytes

� Changes involving this chromosome are often 

related to lymphomagenesis. 

Common Genetic Alterations with Diagnostic 

Significance
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Burkitt lymphoma
� Rearrangements of MYC are an important genetic 

characteristic of BL.

� This rearrangement is caused by a translocation 

involving chromosome 14, t(8;14)(q24:q32), in 

80% of cases. 

� the other 20% of translocations involve Ig light 

chain genes, t(2;8)(p12;q24) or t(8;22)(q24;q11). 

Common Genetic Alterations with Diagnostic 

Significance

Burkitt lymphoma

Common Genetic Alterations with Diagnostic 

Significance

FISH analysis 

for the t(8;14)

metaphase spreads

Intact nuclei

JMD November 2000, Vol. 2, No. 4
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In Follicular Lymphoma

Translocation t(14;18) (q32; q21)

Active enhancer of the IgH BCL2 gene

Expression of the BCL2 protein

Inhibition of apoptosis 

Excessive proliferation

This alteration is found in 80–96% in patients with FL depending on 

the method, thus still having diagnostic importance

Common Genetic Alterations with Diagnostic 

Significance

Follicular Lymphoma

BCL2 rearrangement MYC rearrangement

Am J Clin Pathol 2019;152:277-301
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In Mantel Cell Lymphoma

Translocation t(11;14)(q13;q32)

IgH gene enhancer (14q32)         Cyclin D1 gene (11q13)

Expression of Cyclin D1 protein

This translocation can be found in almost all cases of MCL, helping 

physicians in clinical practice to confirm the diagnosis.

Common Genetic Alterations with Diagnostic 

Significance

� Another example is Burkitt-like lymphoma with 

11q aberrations, a disease that resembles BL but 

lacks the MYC rearrangement. 

� It was recently added as an entity in the WHO 

2022 classification of lymphoid neoplasms:

Large B-cell lymphoma with 11q aberration

Common Genetic Alterations with Diagnostic 

Significance
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blood® 15 SEPTEMBER 2022 | VOLUME 140, NUMBER 11

Large B-cell lymphoma with 11q aberration

Common Genetic Alterations with Diagnostic 

Significance

Genetic Alterations Genetic Alterations 

with Prognostic Significancewith Prognostic Significance
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� Mutations in the TP53 gene have been known to 

be associated with oncogenesis in a wide series of 

malignancies. 

� Its prognostic influence in lymphomas has also 

been proven in several entities. 

� In particular, patients with DLBCL, MCL and CLL 

harboring TP53 mutations are known to have 

poorer prognoses. 

Genetic Alterations with Prognostic 

Significance

� The International Prognostic Index (IPI) does not 

include mutational status as a prognostic factor. 

� On the other hand, the CLL-IPI is a good example 

of the incorporation of mutational status together 

with clinical factors to discriminate between 

prognostic subgroups. 

Genetic Alterations with Prognostic 

Significance
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The five factors of the CLL-IPI include:

1. the presence or absence of TP53 

mutations/del(17p) 

2. IGVH mutational status (mutated versus non 

mutated) 

3. serum _2-microglobulin concentration (_3.5 mg/L 

vs. >3.5 mg/L) 

4. clinical stage (Binet A or Rai 0 vs. Binet B–C or Rai

I–IV) 

5. age (<65 years vs. >65 years). 

Genetic Alterations with Prognostic 

Significance

In multiple myeloma there are three main 

chromosomal aberrations, which are associated with 

worse outcomes and are classified as high-risk 

alterations:

• del(17p), 

• t(4;14) 

• t(14;16) 

They are included in the Revised International Staging 

System (R-ISS). 

Genetic Alterations with Prognostic 

Significance



22/11/2022

24

Mantel Cell Lymphoma 

� The MCL variant with a leukemic course often 

presents as a milder disease course. There is :

• hypermutated IGHV

• lacks a complex karyotype

• Does not necessarily require treatment

� In contrast, the more aggressive variant of MCL 

usually presents with a more complex karyotype, and 

may express SOX11.

Genetic Alterations with Prognostic 

Significance

Diffuse large B cell lymphoma

�Gene expression profiling of DLBCL identified two 

distinct molecular subtypes of lymphomas,

� Those two distinct subtypes are indicative of 

different stages of B cell differentiation and so-

called cell of origin (COO)

Genetic Alterations with Prognostic 

Significance
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Morphologic characterization of highly proliferative B-cell 

lymphomas

Genetic Alterations with Prognostic 

Significance

1. Activated B-cell-like (ABC) 

DLBCL, which expresses 

genes that are normally 

induced through the in 

vitro activation of 

peripheral blood B cells

2. Germinal Center B-cell-like 

(GCB) DLBCL, in which 

genes share characteristics 

of germinal center B cells.

Diffuse large B cell lymphoma

Genetic Alterations with Prognostic 

Significance
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� Many reports have demonstrated a significantly 

worse prognosis for patients with ABC DLBCL in 

comparison to GCB DLBCL. 

� ABC and GBC lymphomas present with different 

phenotypes, and are recognized in the WHO 

classification as two separate entities.

� In addition, immunohistochemistry (IHC)-based 

algorithms have been proposed (HANS algorithm)

Genetic Alterations with Prognostic 

Significance

� The expression of MYC alone or BCL2 has been 

correlated with worse prognoses in DLBCL.

�Aggressive B-NHLs harboring MYC and BCL2 or MYC 

and BCL6 rearrangements (double-hit lymphoma) 

present an even more aggressive behavior. 

� The presence of rearrangements in all three of the 

genes (MYC, BCL2 and BCL6) characterizes a high-

grade lymphomas subgroup (triple-hit lymphoma).

Genetic Alterations with Prognostic 

Significance
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Genetic Alterations with Genetic Alterations with 

Therapeutic Therapeutic SignificanceSignificance

Chronic Lymphocytic Leukemia 
� The mutational status in patients with CLL has provided 

important information regarding the influence of certain 

mutations on responses to therapy. 

� Patients harboring del(17p13) * do have a worse response 

to chemotherapy. 

� The difference in response was not observed in patients 

who received non-chemotherapy-based regimens 

(such as BCL2 inhibitor venetoclax and Bruton’s tyrosine kinase 

(BTK) inhibitors) 

Genetic Alterations with Therapeutic 

Significance
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Chronic Lymphocytic Leukemia 

� Current guidelines recommend testing for TP53 

mutations for all CLL patients who are in need of 

therapy. 

� Testing for the presence of an unmutated IGVH or a 

complex karyotype is also recommended in many 

guidelines, 

Genetic Alterations with Therapeutic 

Significance

�Anaplastic large-cell lymphoma may present with 

the expression of anaplastic lymphoma kinase 

(ALK). 

�ALK-positive and -negative ALCL shows distinct 

clinico-pathologic characteristics. 

Genetic Alterations with Therapeutic 

Significance
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� In addition to predicting treatment responses, 

advances in molecular techniques have been of 

help in understanding resistance mechanisms in 

order to offer effective alternative treatment. 

Genetic Alterations with Therapeutic 

Significance

Disease Genetic Alteration Clinical Significance

Lymphoplasmacytic

lymphoma 

MYD88 p.L26P

CXCR4

Diagnosis and therapy

Therapy

Follicular lymphoma
Rearrangement of BCL2 gene 

t(14;18)(q32; q21)
Diagnosis

Mantel cell lymphoma

Rearrangement of the cyclin

D1 gene, 

t(11;14)(q13;q32)

TP53, complex karyotype, 

IGHV status and SOX11

C481S

Diagnosis

Differentiation between 

aggressive and non-

aggressive subtypes, 

Possibly impacting

therapy decision

Therapy ( resistance)

In summary

Adapted from Diagnostics 2021, 11, 2174
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Disease Genetic Alteration
Clinical 

Significance

Burkitt lymphoma

MYC rearrangements:

t(8;14)(q24:q32), 

t(2;8)(p12;q24) and

t(8;22)(q24;q11)

Diagnosis

Large B cell lymphoma 

with 11q aberrations

Aberrations in the 11q 

chromosome and no MYC 

rearrangements

Diagnosis

High-grade lymphoma

MYC and BCL2, 

MYC and BCL6

MYC, BCL2 and BCL6

Diagnosis

and therapy

Anaplastic large-cell 

lymphoma
ALK Therapy

Diffuse large B cell 

lymphoma

MYC or BCL2 

TP53

Prognosis

Prognosis

In summary

Adapted from Diagnostics 2021, 11, 2174

Disease Genetic Alteration Clinical Significance

Hairy cell leukemia 

Hairy cell leukemia 

variant 

BRAF V600 E/K

MAPK1

Diagnosis

Diagnosis

Chronic lymphocytic

leukemia

TP53/del(17p) 

IGVH mutations status

Del(11q)

Del(13q)

Trisomy 12

Complex karyotype

C481S

Prognosis

and therapy

Therapy (resistance)

In summary

Adapted from Diagnostics 2021, 11, 2174
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BB-- and Tand T--CELL CELL clonalityclonality teststests

6

B/T-cell clonality : Definition

� The normal circulating lymphocytes are polyclonal

� The presence of a monoclonal population will 
usually mean there is a hematological or 
immunological disorder involving these cells

�Gene rearrangement indicates a clonal population

� It's possible to detect monoclonal population in B 
or T lymphocytes because the same gene 
rearrangement is present in large number of cells
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B/T-cell clonality : Definition

� Ig/TCR gene rearrangements occur in the earliest 
stages of lymphoid differentiation 

� they are present in almost all immature and 
mature lymphoid cells. 

Ig/TCR gene rearrangements occur sequentially in a 

hierarchical order

�During B-cell development :

IG heavy chains (H) genes being first rearranged  

followed by IG kappa (K), than IG lambda (L) genes

�During T-cell ontogenesis :

TCR delta (δ) gene rearrangement occurs first in early 

thymocytes, followed by TCR (γ), TCR (β) and TCR (α)

B/T-cell clonality : Definition
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� In daily practice, B- and T-cell clonality tests 

(Immunoglobulin (Ig) and/or T-cell receptor (TCR) 

gene rearrangements) are not required for the 

diagnostic work up of every lymphoma case. 

� The use of these clonality tests should be limited to 

samples with a diagnostic difficulty

When to use B/T-cell clonality testing?

Example of diagnostic difficulty: 

� Suspicion of lymphoma clinically despite reactive 

morphological features. 

� Inconclusive diagnosis

despite of extensive

morphologic and

immunophenotypic analysis. 

When to use B/T-cell clonality testing?
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Example of diagnostic difficulty: 

� B-cell versus T-cell lineage orientation in case of a 

morphologically mature lymphoid proliferation with 

uninterpretable lymphoid markers by IHC. 

�Doubt on the clonal origin of a lymphoid disorder 

during follow up

When to use B/T-cell clonality testing?

�Most molecular laboratories use commercial assays 

allowing to recognize as many different 

rearrangements as possible

�Molecular laboratories limit their clonality analysis to 

IGH, TCRγ and TCRβ genes as PCR targets, (reducing 

the level of detection to 90% ). 

B/T-cell clonality : In practice
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� Conventional PCR-based clonality tests cannot 

afford an accurate and sensitive detection 

� These tests have a detection limit of 1%-10%

� They are not adequate for a sensitive follow up of 

the minimal residual disease 

B/T-cell clonality : In practice

B/T-cell clonality : In practice

� B-cell clonality

IGH gene rearrangements thus are most widely used in 

order to cover the broadest spectrum of B-cell 

proliferative disease.
Monoclonal Monoclonal

Polyclonal
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B/T-cell clonality : In practice

T-cell clonality

� In TCL, monoclonality will be detected in nearly 

100% of cases when using the combined TCRγ and 

TCRβ targets

� Except for anaplastic large cell lymphoma and in 

some cases of natural killer cell lymphomas. 

� Clonality is not equivalent to malignancy. 

� Some lympho-proliferative disease and non-

neoplastic lympho-proliferations may display 

monoclonality

� The reliability of the results depending also on the 

quality of the sample received 

B/T-cell clonality : Pitfalls
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Non-Neoplastic Clonal T-cells

•There are MANY examples of clonal T-cell 

proliferations that are NOT neoplastic

–Commonly skin,

–Post transplant

–Various immune responses

•Inflammatory (Crohn’s etc.)

B/T-cell clonality : Pitfalls

74

Failed amplificationPoor quality Wrong area

B/T-cell clonality : Pitfalls
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� Ig/TCR clonality tests should be limited to the 

samples with a diagnostic difficulty

� Clinicians must be aware of several limitations and 

pitfalls of molecular IGH and TCR analysis in order to 

adequately interpret the results 

� The results should always be interpreted in the 

context of morphological, immunophenotypical, 

and clinical features of a patient. 

B/T-cell clonality : In conclusion

Our experienceOur experience

7
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Since 2001:

- Started with B and T clonality

-Technique validated in 2002

- Recommendations of the European Clonality Consortium

Our experience

Publications:

1- 2005 : detecting clonal IgH gene 

rearrangements in lymphoma

2- 2006 : PCR-based clonality

analysis of B-cell lymphomas

3- 2008 : Presence of simian virus 

40 in diffuse large B-cell

lymphomas

Our experience
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Our experience

� Clonality was found in 77% of cases.

� Lymphomas derived from pregerminal centre showed a (100%) rate detection 

of clonal IgH gene rearrangement

� Lymphomas derived from germinal centre or postgerminal centre (74.5%). 

Our experience
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Our experience

The combination of IgH and IgL gene rearrangement analysis constitutes a 

sensitive and rapid approach for the assessment of B-cell clonality

role of simian virus 40 in the pathogenesis of diffuse large B-cell lymphomas

Our experience
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Our experience

�the germinal center phenotype, t(14;18), and P53 accumulation correlate with 

the presence of SV40. 

�Among patients with germinal center phenotype, the presence of SV40 was 

associated with worse survival rate.

In routine:

PCR technique:

1- B and T cell clonality testing

2- Search for the BK

3- MSI status

4- (K-RAS)

IHS technique:

1- HER 2+

2- HPV typing

3- EBV (EBER)

4-ALK

Our experience
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In routine:

Indications in lymphoid proliferations:

1- Suspicion of lymphoma clinically with reactive 

morphological features (50%). 

2- B versus T proliferation (10%)

3- Inconclusive diagnosis after morphologic and

immunophenotypic analysis (30%). 

Our experience

In routine:

Results:

1- Polyclonal proliferation (56%). 

2- B clonal proliferation (12%)

3- T clonal proliferation (36%)

Our experience
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ConclusionConclusion

8

• Most lymphomas are diagnosed on traditional clinical, 

histomorphological and immunohistochemical grounds

• Molecular diagnostics support these findings and confirm 

the diagnosis in ~10% of not diagnosed cases 

• The molecular diagnostics extends beyond diagnostic 

confirmation alone, providing clinically useful insights into 

prognosis, treatment selection, response assessment and 

the evaluation of disease recurrence

ConclusionsConclusions
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Conclusions

• The use of molecular diagnostics is expected to rise 

because of :

- The molecular information is increasingly changing the 

modern reclassification of lymphoma 

-The emergence of molecularly targeted treatment

• This will require changes in current practice and referral 

to centralised labs for molecular ‘work-up’


